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1. ABSTRACT 

Mu oi„s are o, rnapr^est , c e= J ^^^^^^ 

doubtless because of their unusual structure being l^^ fl^J^ This rep eat region 
repeat region rich in the f*no ac^n^ ^^^^ m^antibod^s W) have 
confers high immunogenic^ of the mucins and ^ ^ resu deduction of Abs led to the 

cDNA and g eno m io 
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structures), advances in the knowtedge of »h< , structure J^^S^^M 
rapid, together wrth the development o transgenic and 9 en ^cKou^n ^ 
studies (1-9). Here we describe monoclonal a* 1 ™^^ RlT to variants of MUC1, to 
including ^ ^^^rJi^M^" (m^ nuluaTSures and cross 

describe the Mabs produced in our laboratory. 
2. INTRODUCTION 

from the cell surface. However, ^^^^^^nts are secreted; there is a 
and subsequent re-assoc.at.on of ^ molecules large ^ tQ be 

cytoplasmic tail which s.gnals (but to wha is not as yet jsear). i ne mjce 
protective, anti-bacterial, lubricating, *9 n f "9' n °^ However - 
with MUC1 absent due to gene knockout by ' ^^^^Zt about mucins, but 
such mice have a major defect £ * eir '^^^ abundance - particularly 

there is still a lot to learn about them. MUC1 can be | presen in gr gnd 

in lactating breast, but also .n ^^^^^'^^^^^ a proportion of 
almost all types in the lung that not all these 

st*S^ " ^ m ° re fUnCti ° nS ° f 

mucins to be determined. 

(sometimes more, somet.mes less) thus, ^..fP'^^^"^^ which may become 

react with other regions, other <*^<^™^^X*£!5£ 
MUC1 and of other >" S^S*SwSn-*» moheule. and ultimately 

^^^^^^H^ S«. ^rea^n 

tZeTm^^^^ 
described together in this review. 

is not to indicate that it is more ™Vteifitontecfax£. ^^Tou^ Im Abs reacting 
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MUC1 Abs have been useful for diagnostic and therapeutic studies. 
3. UNIQUE FEATURES OF MUCINS FOR Mabs PRODUCTION 
Mucins are of interest as they appear to * jj!**^ 

carcinomas. Thus far, the cDNAs of human Muans 1-12 <^ "J^b jg ^ 

5, 7, 19-29), particularly within the protein core W™^^^^ . repeated up to 
occurrence of a VNTR region, ^^^^^^ of serine, threonine and 
100 times in the case of MUC1 (1-3). Witnin in s y^'^ d hvdroohllic regions with which 
proline residues, which tend to ^"^"^J^ cloning of the 
monoclonal and polyclonal Abs react, fj^^^^n made by immunizing with 
mucin cDNAs. While many ant.-MUC 1 ^^^S^Tl^^ membrane (HMFG) (17, 
raolf, reXatio K P T in seo,ence and the 

synthesfs of pepSdes which could be used to make further Abs (32-34). 

4. MABS TO MUC1 

Many Mabs to MUC1 were reported in the ^^^^J^^ SS^oS 
different immunogens and were initially ' Proceed us W°™f™™ er • 35) The 

lines or HMFG (a crude product from hu ™ an ™^^ >200Kd. The 

Mabs reacted with large heav.ly glycosy^^ of MUC1 was 

molecules were not fully described untal 988 when the cuna q ^ 
reported and amino acid sequence Wu ^^mS« to produce second 
sequence of MUC1 (FP) (37). 

generate Mabs (32. 36). Longe f pe P™* we re j production of Mabs; and the 

SSSS^, c^a^ed ,o Mabs generated to HMPG 

(38). 

4.1. Mab TO HMFG, tumour extracts, and Mud VNTR peptides 
4.1.1. Mab to HMFG and tumor extracts 

HMFG is a crude product from human The ^ 

HMFG include HMFG1, HMFG2, 115D8 BC2 an [^l*™^^^ wit h MUC1 in 
with malignant epithelial tissues, such as breast ovary P an ^ eas an , e jthelial 
circulation" These Mabs are not cancer ^^^^^ AM £iam is 

imaging and immunochemistry studies. 

Core protein of HMFG ^' f^^zVuZ!^^ oK" 
was also used for the production of the Mab ^^.^^^ The characterisation 

exposed in malignant cells, and the glycosylate in malignant cells is aberrant. 
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4.1.2. Mabs to VNTR peptides 

Our approach to produce Mabs was, (i) , to ^^SX 

sequence of VNTR, ^ J^^^Swm ?2^r^ ^r^2!^|5S«^ addhg a cysteine at the 
epitopes were represented table 3) ^ to m ate a ^ P P ^ tQ form g djmer or a 

N-terminus (cysteine can also ^^^32 42% The synthesized peptides were 
ring form) in favour to form a native const ^^ 42 ^- 'J de y 8 (<15 -mer) were poorly 
conjugated to KLH using glutaraldehyde since i the * free pep k Qd wjtn equa , 

immunogenic (45). To ™ m u"^ and furt her 2 

volume of complete Freund's adjuvant. Mice ™^J"f^^ were produced by the 
injections were given respec Jvely after * Hybr ^ ^ ^ ^ 

fusion of mouse myeloma cell line NS1 , and spleen ce ^ anti-HMFG 
Mabs (BCP7, BCP8, BCP9 BCP1 0) JS^ 3 ) a g^ ) SSnima.. and less 

Mabs, reacted strongly with ^^^"^ BCP8 reacted with HMFG, but more 
strongly with normal tissues. Like anti-HMFG » ^ . HMFG is exposed for the 

strongly with deglycosylated HMFG, indicating ^omne ^ " ™ 

with HMFG: but with 

(see 4.7) By ^ast BCP7 BC ,P9 an d B^P u ^ ^ ^ norma , t 

be useful agent for analysing the normal and 

malignant mucin (32). 

Producing FP is an alternative way , to make ^^^^ 

immunogenic and can satisfactorily be us _ed 88 « n a ™J^^ MUC1 was produced in E. 
containing a glutathiones-transferase a P* * V p ^* 

mli The 5 VNTR repeats can be cleaved from GST using tnesixe bpeu. y reacted 

Two Mabt (VA1 and VA2) to ^\^"™£?^-M&™£ffi2 
weakly with normal breast tissues, whereas VA2 was non ,^ ve ' ° m glycosylated but 

4.2. Mab to non-vntr region of Mud 

Two Mabs D59 and A25 were prcduced to a ^^^ZTsU03 

reacted with p51-70 and a fusion protein ^^^ JuUV Both Mabs were 

51-70 sequence) to the N terminus of the VNTR region ot mu ^ 

^oa^ 

4.3. Ma to cytoplasmic tail of Mud 

Two Mabs CT91 and CT1.53 were produced 

peptide CT18, which contains the last 17 amino arts of human ™ y f ^ 
highly conserved domain among in several species (49). ^ e ^ d M J n D8 numan maligna nt 
cytoplasmic peptide CT18 and also with native ™ c,n * ^g^JJe Mabs> C T91 and 
tissues, such as breast, lung and colon cancer Like a ^^R pepjde^i . ^ 
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successful* used in tyrosine phospho^on studies indicating it is a usefui reagent in the 

study of MUC1 signal transduction (1 1 ). 

4.4. Mabs to a Mud splice variant lacking VNTR 

A peptide SP11 (CYTEKNAFNSS) «de ^ 

transcript (tables 1, 3), (unpublished results}. The f rst p art or in P ^ } 

amino acids 58-62 of the MUC1 sequence swna |gn radi0 active 

C and Y were added at the N-term.nus for _potent*l reactoe 
bdination (Y). A Mab SP3 9 ^^^^^^^lom N- or C-terminus or 
the unique "bridging" pept.de SP11 but ^°l^ s h tissue sections SP3. 9 was reactive with 
within the VNTR of MUC1 (12 . In additon on £^ e £^ breast, staining was found 
normal breast; formalin fixed tissues were non-reac ive _ n no ^ 
only in secretions within the duct s nomial du ct ^P^ 1 ^ c nQ stgini ln gen eral, 
pancreas, salivary gland, stomach, kdney '^^JJ* 1 ^ ce |, s and some staining of 
carcinoma tissues gave similar results, nc ' °^ 0D f a a s ^i c g s taining, a possible variant due 
secretions. However, gastric c^ 0 ™. f ^ non-reactive as were 

to the neoplastic process. Can n ^?^ such as human milk, but 

cell lines. Thus, only native moieties in se icre ^ ^e re SQme jnhibition wgs 

no inhibition was obtained with HMFG in ar ,n ™ ,t ^ , ^ se y rum (1/3 samples), but 
noted with normal human serum ( 3/3 * a ^ cow. The studies indicate 

S£ ^^^^^^ «* be of potential use in serum 

diagnostic test and in nipple discharges for d.agnos.s. 
4.5. Mabs to secreted variants of human Mud 

Superimposed on the basic structure of ^^^^ 7cD^T^ 
alternate splicing of different exons » (7. NuJ^S SS two alternative mRNA species 
clones encoding MUC1 has revealed the exis ^""'f*,^ preC ursor transcript (7). 
presumed to be generated by alte p ^ v . e 0 £ i^Sdes that share a common 
Translation of the two spec.es is expected to result . i two pojypep thejr c _ termjnus 

secretion signal sequence, N-termmus and a repea W ^ ™ d gt tne cell 

regions (50). The two predicted alternative fo ms of MUC are on cDna ^ ^ 

surface, and (b) a "S^™ 1 , 1 ?™ f 0 ^^^,^^ Wenoo preceding a 

traditional form which contains %hyd ro ^ 

TSStS: T^^^^^T^X^ S 
SS^;^^ « sMUC1 is ,ikely 40 be 

secreted from the cell (7). 

We have deveioped 3 Mabs ^Wf^W)?™*^^^ 
form of MUC1 (sMUCI) t he **«on ^l^T^T^ (tabies 13). The 
unique sequence (SEMVSIGLS.I-™ Lrj wr 10 > normal and malignant tissues 
anti-sMUd peptide Abs <^f^^^^^L milk although HMFG was 
as well as breast cancer 'cell lines. They *™'° a ™° bei hldden withln the globule. 
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th 0 nianris Other tissues from diseases of the bowel 
within the inner luminal membrane off the glands^ utner xissu ^ cgncer 

were also positive and the Mabs could also be o ^.mpo Ian ce n otn 
The presence of SMUC1 in »w^^e»m^by m ^ ^ ^ 

components were used to .nh.b.t * e 

inhibition was found with human f ^ k n ^^ ( ^ T47D cell lysate also gave inhibition, 

4.6. Epitope mapping of Mabs 

Most epitopes of the Mabs could 

overlapping peptides were ^synthesizec I on ^ h ^arch Btochemlcals, Cambridge, UK), 
the Mabs to the mucins (Pepscan) (Cambridge ™searu. f MUC1 VNTR eg 

43, 52) (table 1). For MUC1 Mabs ^^^^ Mabs epitopes 

HdTRPA, DTRPAP TRPAPG APDTRF were made to map cou)d ^ determjned 

(table 2). It should be noted that no t a I ot the mao p carbohydrate; (ii) peptide; (...) 
Pepscan, as there are four types fJ^^J^^J^ ™ e m only type (ii) and (Hi) can 
peptide and carbohydrate; and (.v) en, ar y ^^^^^^ o? a nti-MUC1 Mabs 
be determined by the Pepscan method It wa V^"Vond 3E1 2 ie the Mabs did not show 
produced by HMFG were: (i) ca J^^HMF^Dti^ with H antigen or 
any reaction with overlapp.ng peptides "^'^J^^W'm 53). Other carbohydrate 
N-gVolylneuraminic acid III. and sial-Le* 

epitopes, such as Thomsen Fn^en^^.^'^'J^n the VNTR region. A number 
glycol were also demonstrated (4) 00 ^ et ^^^^peA for some Mabs 
o7 epitopes scattered within the VNTR ^^Sd* pep*e and FP 

including (BCP7, BCP9, BCP10, VA1 that redons outsWe the APDTR within the 

immunizations (tables 1, 3). Th.s ^^^^^^^b, such as BC1, BC2 and 
VNTR region are also immunogenic, (...) peptide and car ' , t d HMFG and (iv ) 
BC3, which reacted with HMFG ^^^%^^ttS3W determined by 

was found with MUC3 Mab 

M3.3 (see below) (33). 

4.7. Role of glycosylation in Mab 

Due to the glycosylation, mainly O-g^osy^ 

differently with MUC1. Some Mabs, such as ^^^^Sb^ (made to synthetic 
is glycosylated ~ at least better on HMFG. otn ^ M abs su cn a ^ thejr 
peptide ie. non-glycosylated) react better w. th the ^ a a ^ acld8 in the Mabtf 

immunogen (32, 54). An interesting finding , is the epitope DTR, can 

epitopeswithotheram.no ac.ds. The ^ b 4B^ produced oy n ^ y jg ^ 

have T substituted by almost every other amino aod leaos ic * jmmunization wit h 

.•relevant" - probab.y as it To^e su^Z ^ any amino acid, .t 

peptide, with the same epitope DTR, the T can noi oe in ^ Bcp8 

me VNTR of normal and cancer mucin is not entirely glycosylated. 
4.8. Mud APDTR is not unique to Mud 
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APDTR is the dominant 1™^^^^^ XTet^ 
reactive with APDTR. However, APDTR _mot,f ^^'^"^ BC L-w and Guanine 
proteins found with th.s epitope. The j apop ^ ,„ a for 

Lleotide-binding protein that ^^^J^^^ Sh0WS th6 f 
protein homology using SWISS-PROT. Moiecuiar muu y functjon Qf 

cz^^^^^^^ mycopUma pneumoniae 

^Kon protein FTSH homolog), ^^"Z^^^o,^ (anthranilate 
phosphoribosylformylglycinamid.ne synthase ")'^™^^W S ™V° UL l 30) bovine 

l P yn,ha P se component M) ^ human cCisiae (hypothetical 

JESTS ^^eSS^SLid be taken into account when assays w„h 
MUC1 Mabs are performed. 

4.9. Unusual features of Mud VNTR peptide bindina to MHC class I molecules 

We have demonstrated that peptides SAPDTRPA, SAPDTRPAP ^J^^ 

. t ~A hw h ok b and HLA-A2 and the overlapping peptides KHAr^o Mr, 

p e Ap P olTA n p e c d , b e^resen,d by ^^fZl^X 

^^^^ 

mid region of the peptide APGSTAPPA pep oes ™P™ nj n bj d t the peptide 

accessible to anti-peptide Abs ( 51 £ '"^^ be used to detect 

whilst in the MHC class I groove, inhibit CTL lysis, We nave recently 

in this volume]. 

4.10. Mabs TO Mud for imaging and therapy 

The uptake of various Abs in tumors '"^^1!^^^!^ of 
humans - 0.01%. There ^'^.^^^^^Z density and affinity 
^W-'M: ^ Mrfn1^'a a ndLrapy plrticuiariy the 



effect of their affinity. 



"*d Mabs against the same ^.Wg^£^*Z!S£& 



[Frontiers in Bioscience 6, dl284-1295, October 1, 2001] 



http://www.bioscience.Org/2001/v6/oVxing/2 



be done in v,Vo. In a study comparing 

Mabs, BC2 and hCTMOl were compared J ^ s '° u "° S^Son and dissociation 
afflnfty the relative <«^^^S^^^^ at 37 ° ° « 

In"' M lb, adulation o« 10% «. I «% .injected 

superior to the BC2 Mab in that 71% * *° n °^^ to MUC1 on 

for their evaluation. 

4.11. Cross reaction of MUC1 with natural Mabs 

in mice MUC1 VNTR conjugated to oxidised mannan Mw OT' CTL, "f™^^ 

or IL-10 (47, 60-62). B^uw ot me du y « conjugated to oxidised mannan in a 
patients were mmunized with MUC1 VN1 K (t> repeats; <- ul| J"y« HLA-A2 4/15 

phase I clinical study. In humans, 3/10 of ^^^^J^^^^^.l 

humans, mannan-MUCI generated predominantly Ab responses. 

„ became evident that natural « '^TZt SSl'SmS 

^^pKTSLntaSSn of different species, but the differences w^dueto the 

«nH macronhaaes in the presence of serum containing Gal-alpha(1,3)Gal Ads (t>4, oaj. 
HencrthTpresence of cross-reactive Abs present in humans could explain the difference 
STi^eSSTSf the immune response from P^^i^^"»SSd£ 
predominantly Ab in humans. It is clear that future clinical trials with MUC1 VNTR should be 
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2S5 - - 23 

deviate the immune response to an unwanted response. 
4.12. Human anti-Mud Abs 

MUC1 is no. only highly immunogenic in ^^g^^f 

humans. The isolation of human single-chain Fv Abs from a nave human m ud y y 

rpXafcar^ «ho Ptosis of breast cancer (69-71 ). However, 

more studies are required to confirm this. 

variety of VNTR epitopes dui uibibwmiio PAPGSTAP There was no 

VNTR^n-exposed (hidden) regions are highly immunogenic in humans. 
5. MABS TO MOUSE MUC1 

mmmwmi 

Srcat reaion was produced using the bacterial expression vector pGEX-2T, into which a 
repeat region, was P™J" « inserted in the correct reading frame and orientation (6, 

T^Tm?^^ 

ni^S?in15SiSr& intere'st was'the detection of the mucl on 
some of the Abs - alluded to in the past (37). but not clearly descnbed. The reactivity of these 
Mate wrthlmphocytes in tissue sections could be seen, thus, mucins also lymphocyte 
cell surface f molecules as recently described in human lymphocytes and called CD227. 
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ilfglandu iartsueso^fte mouse and the ontogeny of mucin secretmg tumors. 

The epitopes of the anti-rnucl Mabs are entireiy ^^T^J^ 
homology between thern>s only 3y»^ the^nd^ P P usjng mQuse 

SSpS^ S^rrSAS^ - -^ by && and M30. contain 

the common TSS sequence. 

6 MABS TO HUMAN MUC2, MUC3 AND MUC4 

So far 12 d«eren, mucin 

MUC4 VNTR peptides * ^^^TEW?* 23 amino acids 

73) MI29 derived from the MUC2 VNTR gene 00 nsists or o ne m 

and part of the next repeat of ^^^^^^S^S^ed from MUC4 
VNTR gene, containing two repeat urate o [1^7^^'Xepeat (16 amino acids) 
VNTR gene (34), corresponding to the f ° T % Zc2 MUC3 and MUC4 were 

colon *J"J» " beaded wfh maHgnant intestine, but also with small and large 

MUC3 are high molecular weight (>200Kd) glycoproteins (19-21, 33, 34, 73). 

ThP rnNA of mucin 4 (MUC 4) has been cloned from human tracheo-bronchial cDNA library 

blotting MUC 4 was determined to have a molecular weight of 180Kd. 

The epitopes of anti-MUC2, MUC3 and MUC4 Mabs were also determined by -the Pej«can 
method ^ Ovlrlapping 6-mer peptides corresponding to the VNTR regions of MUC2 , M U C3 , 
MU^4 were also synthesized by the Pepscan method. The epitopes of Mabs tc MUC I are 

for C^31 c™ ^ 
rn d y TXr %3?5^? MUC3 VNTR. The 
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r KAnr^A MoKe ma 171 and M4 275 were determined as TPL and PLPV 

amino acids as demonstrated in the MUC1 Mab workshop. 

7. SERUM TESTS USING Mabs FOR CLINICAL APPLICATION 

Due to up-regulation of MUC1 during cancer (up to J0C > Was ^nno«at MUC1 is 

used in combination with the non-mucm CA125 assay the sensmviiy a™ J ■ 
improved. The percentage of detection of recu rrence rate from 65 /o rfpatorta with ovana 

°pi heTa? cSrnas "(/' "Though great efforts have been 

using Mabs to MUC2 and MUC3 for colon cancer and MUC4 for lung cancer out mere wd 
little success. 

8. PERSPECTIVE 

■msfmwm 

t^rX^^^ J - ucL 9 have 
SSS^^in^le discovert mucins and elucidating their structure and function. 
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